Fabric

Dyeing and color evaluation
Using colorant extracts, dyeing was carried out 100°C for 60min at a liquor ratio of 1:100 using an infra red automatic dyeing machine (Ahiba Nuance, -Data Color International, USA), and rinsed for further evaluation. Dye uptake was assessed by measuring K/S value at the maximum adsorption wavelength (λ max; 400nm) using a Macbeth Coloreye 3100 spectro- 
Colorfastness to light
Light fastness was assessed in terms of color difference and color change against the appropriate Table 2 shows dyeing results using colorants extracts with different metal treatments respectively. Pretreatment was done at 0.05% of metal concentration, followed by extraction 1% NaOH solution and then dyeing was carried out at 100 for 60min. Without ℃ pretreatment, the colors of dyed wool and nylon fabrics were 0.6GY and 10.0Y, indicating dark yellowish kaki color rather than green color, resulting higher L* value than pretreated samples. Among metal salts, Fe salt also produced yellowish color.
The results confirmed that green color can be protected by Cu and Zn metal salts pretreatment on the basis of a* value. Compared to Zn salt, Cu salt better protected green color of chlorophyll and produced more vivid green color to the dyed fabrics.
Yellowness or blueness is expressed by coordinate a*, which is positive for yellow and negative for blue.
The wool fabric dyed with Cu pretreated extract showed most greenish color, indicated by a* value ( --7.76). The Nylon fabric also showed the most greenish color when dyed with Cu salt pre treated -extract, confirmed by a* value ( 13.87). E -Δ -* in Table   2 was calculated on the basis of undyed sample.
One of disadvantage of natural dye is low fastness to light. Chlorophyll of plants during storage degraded and green color faded away easily under light exposure.
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Cu salt pretreatment before colorant extraction from bamboo leaves improved light fastness remarkably.
Chlorophyll has Mg ion in the center of molecular structure and this Mg ion substitutes easily to H atom, resulting that green color changes to yellow and brown. More stable molecular structure was formed by replacing the magnesium ion in the porphyrin ring of chlorophyll of native form with divalent cations. This method has been used to keep green color in canned fruits and vegetables 5) . By Cu salt pretreatment, Mg ion is substituted to Cu ion, which has better stability. And bright green color is protected and shows improved light fastness.
On the basis of experimental results, it was confirmed that Cu salt was the most appropriate protector of green color considering dye uptake, photostability, and light fastness. Experiment for optimum pretreatment condition with Cu salt was carried out further. Figure 3 . Visible absorption spectra of extracts from Cu salt pretreated bamboo leaves.
Effect of Cu salt concentration on green color protection
concentration was varied. Green colorants were extracted from the Cu salt pretreated bamboo leaves in alkaline (1% NaOH) solution and wool fabrics were dyed with the extracts adjusting pH 7 at 100 for 60min. ℃
The results are presented in Table 3 .
The highest dye uptake was obtained at 0.025% of Cu salt concentration and thereafter it decreased with increasing Cu salt concentration. Accordingly, a* value -was decreased with increasing Cu salt concentration.
It is speculated that Cu salt may be existed in dipole form to make larger molecule at higher concentration and thereby, accessibility to chlorophyll was decreased.
Wu et al. confirmed that green color(-a* value) of bamboo culms was protected efficiently at 0.5% of copper chloride, but a* value was decreased at -higher than 0.5% of copper chloride 1) . At 0.025% of Cu salt concentration, hue value (6.4GY) of dyed wool fabric indicated more greenish color. With increasing Cu salt concentration, the hue values moved progressively toward more yellowish color.
Utilization of Bamboo Leaves as a New Resource of Natural Green Colorants
Accordingly, 0.025% of Cu salt concentration was the most effective to protect green color (a* 11.99) and -it resulted the best dye uptake (K/S 16.8).
The results confirmed that green color can be protected by metal salts pretreatment and Cu salt among metal salts produced more saturated green color to the dyed fabrics. Similar results were obtained on nylon fabrics.
NaOH concentration effect on dye uptake and color
Chlorophyll is not water soluble. Alkaline condition is needed to extract chlorophyll. To find more efficient extraction condition, colorants extraction was done with varied NaOH concentrations.
As shown in Table 4 , dye uptake increased with the increase of NaOH concentration, indicating more colorants were extracted at higher NaOH concentration.
And, the hue of dyed wool fabrics moved from 3.9GY to 6.4GY with increasing NaOH concentration.
The color of dyed wool was observed getting stronger green color as NaOH concentration increased up to 1.0%.
Green color protection was considered more critical than getting high dye uptake in this study. The optimum concentration of NaOH for extraction was set 1.0%.
It is necessary that the balance between color and dye uptake should be considered for determining optimum condition. 
NaOH concen.(%) K/S value
Conclusion
Bamboo leaves was explored as new biomass resources for natural green dye for textiles. Metal salts including Cu, Fe, and Zn salts were pretreated for protecting green color before extraction of colorants. Wool and nylon fabrics dyed at 3% colorants concentration exhibited above 90% and 99% reduction rate against Staphylococcus aureus (ATCC 6538), respectively.
In conclusion, bamboo leaves has a high potentiality as a new resource to produce a natural green colorants with antimicrobial functionality.
